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PRIORITY CLAIM 



This application is a continuation-in-part of U.S. Patent Application No. 10/235,295 
entitled "METHOD AND DEVICE FOR PERCUTANEOUS SURGICAL 
5 VENTRICULAR REPAIR" filed on September 5, 2002, which claims priority to U.S. 
Provisional Patent Application Serial No. 60/317,197 entitled "DEVICE AND METHOD 
FOR ENDOSCOPIC SURGICAL VENTRICULAR REPAIR" filed on September 5, 2001, 
and U.S. Provisional Patent Application Serial No. 60/327,221 entitled "METHOD AND 
DEVICE FOR CLOSED CHEST PLACEMENT OF SEPTUM" filed on October 5, 2001, 
1 0 the disclosures of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

15 

This invention relates generally to surgical methods and apparatuses for performing 
surgical ventricular repair endoscopically and/or through a minimally invasive incision. 

2. Description of the Related Art 

20 

The function of a heart in an animal is primarily to deliver life-supporting 
oxygenated blood to tissue throughout the body. This function is accomplished in four 
stages, each relating to a particular chamber of the heart. Initially deoxygenated blood is 
received in the right auricle of the heart. This deoxygenated blood is pumped by the right 

25 ventricle of the heart to the lungs where the blood is oxygenated. The oxygenated blood is 
initially received in the left auricle of the heart and ultimately pumped by the left ventricle 
of the heart throughout the body. It may be seen that the left ventricular chamber of the 
heart is of particular importance in this process as it is relied upon to pump the oxygenated 
blood initially through a mitral valve into and ultimately throughout the entire vascular 

30 system. 

The shape and volume of the normal heart are of particular interest as they combine 
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to dramatically affect the way that the blood is pumped. The left ventricle which is the 
primary pumping chamber, is somewhat elliptical, conical, or apical in shape in that it is 
longer (the longest portion of the long axis of the left ventricle extending roughly from the 
aortic valve to the apex) than it is wide (short axis the widest portion of the short axis of the 
5 left ventricle extending roughly from the ventricle wall to the septum). The left ventricle 
descends from a base with a decreasing cross-sectional circumference, to a point or apex. 
The left ventricle is further defined by a lateral ventricle wall and a septum, which extends 
between the auricles and the ventricles. 

Two types of motion accomplish the pumping of the blood from the left ventricle. 
10 One of these motions is a simple squeezing motion, which occurs between the lateral wall 
and the septum. The squeezing motion occurs as a result of a thickening of the muscle 
fibers in the myocardium. This compresses the blood in the ventricle chamber and ejects it 
into the body. The thickening changes between diastole and systole. This is seen easily by 
echocardiogram, PET, and MRI imaging and may be routinely measured. 

15 The other type of motion is a twisting or writhing motion, which begins at the apex 

and rises toward the base. The rising writhing motion occurs because the heart muscle 
fibers run in a circular or spiral direction around the heart. When these fibers constrict they 
cause the heart to twist initially at the small area of the apex, but progressively and 
ultimately to the wide area of the base. These squeezing and twisting motions are equally 

20 important, as they are each responsible for moving approximately one-half of the blood 

pumped. The contractility or stiffness of these fibers are major determinants in how well the 
ventricle pumps. 

The amount of blood pumped from the left ventricle divided by the amount of blood 
available to be pumped is referred to as the ejection fraction of the heart. Generally, a 
25 healthier heart has a higher ejection fraction. A normal heart, for example may have a total 
volume of one hundred milliliters and an ejection fraction of sixty percent. Under these 
circumstances, 60 milliliters of blood are pumped with each beat of the heart. It is this 
volume in the normal heart of this example that is pumped with each beat to provide 
nutrients including oxygen to the muscles and other tissues of the body. 
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Realizing that the heart is part of the body tissue, and the heart muscle also requires 
oxygenated blood, it may be appreciated that the normal function of the heart is greatly 
upset by clotting or closure of the coronary arteries. When the coronary arteries are 
blocked, an associate portion of the heart muscle becomes oxygen-starved and begins to die. 
5 This is clinically referred to as a heart attack. Ischemic cardiomyopathy typically occurs as 
the rest of the heart dilates in an attempt to maintain the heart's output to the body. 

As the ischemia progresses through its various stages, the affected myocardium dies 
and loses its ability to contribute to the pumping action of the heart. The ischemic muscle is 
no longer capable of contracting so it may not contribute to either squeezing or twisting 
motion required to pump blood. This non-contracting tissue is said to be akinetic. In severe 
cases the akinetic tissue, which is not capable of contracting, is in fact elastic so that blood 
pressure tends to develop a bulge or expansion of the chamber. This muscle tissue is not 
only akinetic, in that it does not contribute to the pumping function, but it is in fact 
dyskinetic, in that it detracts from the pumping function. This is particularly detrimental to 
the limited pumping action available, as the heart loses even more of its energy to pumping 
the bulge instead of the blood. 

The body seems to realize that with a reduced pumping capacity, the ejection 
fraction of the heart is automatically reduced. For example, the ejection fraction may drop 
from a normal sixty percent to perhaps twenty- percent. Realizing that the body still 
20 requires the same volume of blood for oxygen and nutrition, the body causes its heart to 
dilate or enlarge in size so that the smaller ejection fraction pumps about the same amount 
of blood. As noted, a normal heart with a blood capacity of seventy milliliters and an 
ejection fraction of sixty percent would pump approximately 42 milliliters per beat. The 
body seems to appreciate that this same volume per beat may be maintained by an ejection 
25 fraction of only thirty-percent if the ventricle enlarges to a capacity of 140 milliliters. This 
increase in volume, commonly referred to as "remodeling," not only changes the volume of 
the left ventricle, but also its shape. The heart becomes greatly enlarged and the left 
ventricle becomes more spherical in shape losing its apex. 

On the level of the muscle fibers, it has been noted that dilation of the heart causes 
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the fibers to reorient themselves so that they are directed away from the inner heart chamber 
containing the blood. As a consequence, the fibers are poorly oriented to accomplish even 
the squeezing action, as the lines of force become less perpendicular to the heart wall. This 
change in fiber orientation occurs as the heart dilates and moves from its normal elliptical 
5 shape to its dilated spherical shape. The spherical shape further reduces pumping efficiency 
since the fibers which normally encircle the apex facilitate writhing are changed to a more 
flattened formation as a result of these spherical configurations. 

Of course, this change in architecture has a dramatic effect on wall thickness, radius, 
and stress on the heart wall. In particular, it will be noted that absent the normal conical 
10 shape, the twisting motion at the apex, which may account for as much as one half of the 
pumping action, is lost. As a consequence, the more spherical architecture must rely almost 
totally on the lateral squeezing action to pump blood. This lateral squeezing action is 
inefficient and very different from the more efficient twisting action of the heart. 

Although the dilated heart may be capable of sustaining life, it is significantly 
1 5 stressed and rapidly approaches a stage where it may no longer pump blood effectively. In 
this stage, commonly referred to as congestive heart failure, the heart becomes distended 
and is generally incapable of pumping blood returning from the lungs. This further results 
in lung congestion and fatigue. Congestive heart failure is a major cause of death and 
disability in the United States where approximately 400,000 cases occur annually. 

20 What is needed therefore is a reliable method and apparatus to allow a surgeon to 

perform surgical ventricular repair, preferably without having to do a full sternotomy and/or 
make large incisions in the chest. Additionally, such methods could be performed on a 
beating heart eliminating the need for lengthy full bypass circuit runs. 

SUMMARY 

25 In response to these and other problems, an improved apparatus and method is 

provided for endoscopic surgical ventricle repair which allows a surgeon to perform a 
surgical ventricular repair procedure through a closed chest or through a small thoracotomy 
on a beating, fibrillating, or an arrested heart. In some embodiments, there is a method for 
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repairing a heart of a human. The method may include introducing a shaping device 
percutaneously into a vasculature of a human. The shaping device may be in a collapsed 
state during delivery. The method may include delivering the shaping device into a left 
ventricle through the vasculature. The method may include expanding the shaping device to 
5 an expanded shape after entering the left ventricle. In certain embodiments, the method may 
include imbricating a wall of the ventricle over the shaping device. The method may 
include collapsing the shaping device, and removing the shaping device from the left 
ventricle such that the ventricle is restored to an appropriate size. 

10 In response to the problems mentioned above, there is disclosed an embodiment of a 

reinforcing element to be used in ventricular repair. "Reinforcing" in the context of this 
application is to strengthen or make stronger by patching, propping, adding new material, 
etc. For example, in certain embodiments of this application a reinforcing element is 
attached to the endocardial surface of a human heart ventricle, thereby strengthening the 

15 wall by adding supportive material to the wall. In an embodiment, a reinforcing element 
may be used to repair a ventricle (e.g., a left ventricle) of a human heart. The reinforcing 
element may have a first and a second predetermined shape. The reinforcing element has a 
second predetermined shape that is substantially the same as the shape of a portion of the 
ventricle. In an embodiment, a reinforcing element may have a second predetermined shape 

20 including a conical shape with a round apex. When inserted into a patient, the tip of the 
cone may act as an apex of the heart. The reinforcing element may releasably attach to an 
endocardial surface of the heart. The reinforcing element may assist in reforming or 
reconstructing a ventricle. The reinforcing element may assist in reforming a contour of a 
ventricle. In some embodiments, a reinforcing element may inhibit expansion of an 

25 endocardial surface. The area of the endocardial surface may be averaged over a specified 
time period (e.g., a cardiac cycle) or phase. The reinforcing element may inhibit expansion 
of an endocardial surface while allowing normal contraction and expansion of the heart. 
The reinforcing element may function to inhibit expansion of the interior wall of the left 
ventricle (e.g., endocardial surface). The reinforcing element may function to inhibit 

30 expansion of the volume of the ventricle. In some embodiments, a reinforcing element may 
inhibit expansion of the end diastolic volume of the left or right ventricle. "End diastolic 
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volume" in the context of this application is generally defined as the amount of blood in the 
ventricle immediately before a cardiac contraction begins; a measurement of cardiac filling 
between beats, related to diastolic function. In some embodiments, a reinforcing element 
may inhibit expansion of the diastolic size of the interior/endocardial wall of the left or right 
5 ventricle. "End diastolic size" in the context of this application is generally defined as the 
surface area of the interior/endocardial surface of the wall of the ventricle immediately 
before a cardiac contraction begins. 



In some embodiments, a reinforcing element may be made from a bio-prosthetic 
1 0 like a porcine or bovine pericardium, or a prosthetic material like polyester or PTFE. Such a 
product may be fabricated by weaving or knitting or by using one or more continuous 
sheets. Optionally, the reinforcing element could have radiopaque markings. Furthermore, 
the reinforcing element could be made of ion exchange material, which can act as an 
artificial muscle. 

15 

An "endocardial surface" is generally defined as an interior surface of a wall of a 
portion of a human heart (e.g., a left or right ventricle). 



In some embodiments, a reinforcing element may include a plurality of conduits 
20 forming a predetermined shape. The reinforcing element may be collapsible. A collapsible 
reinforcing element may allow a user to insert the reinforcing element percutaneously. The 
reinforcing element may include a coupling mechanism controlled by an activation 
mechanism. The coupling mechanism may function to releasably couple/attach the 
reinforcing element to a portion of an interior wall (e.g., endocardial) surface of a heart. 
25 Couple or attach is to be generally defined as being directly attached (touching) or indirectly 
attached (something between the reinforcement element and the wall). 



In some embodiments, a reinforcing element may be attached to an exterior wall 
surface of a portion of a heart (e.g., a left ventricle). The reinforcing element may include a 
30 three-dimensional shape. The reinforcing element may include a first side and a second 

side. The second side may be positioned substantially adjacent the portion of the heart. The 
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interior portion of the heart may substantially mimic a contour of the second side, 
effectively reshaping at least one interior chamber of the heart. 

The procedure addresses the ability of the surgeon to perform a surgical ventricular 
5 repair procedure that allows the surgeon to ensure that he gets the intended size and shape of 
the ventricle with an apex while at the same time excluding all the akinetic and dyskinetic 
tissue. 

The procedure, by excluding much, if not all, of the akinetic and dyskinetic tissue 
10 while allowing the surgeon to create the proper shape with an apex, significantly reduces 
stress on the heart muscle and improves surgical outcome. The procedure, by being done 
with a precise device allows the surgeon to make the procedure repeatable and reliable. The 
device takes the variation out of the procedure. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The above brief description as well as further objects, features and advantages of the 
methods and apparatus of the present invention will be more fully appreciated by reference 
to the following detailed description of presently preferred but nonetheless illustrative 
20 embodiments in accordance with the present invention when taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 depicts an embodiment of a method of repairing at least a portion of a human 

heart. 

FIG. 2a depicts an embodiment of a shaping device. 
25 FIG. 2b depicts an embodiment of a shaping device in an expanded condition. 

FIG. 2c depicts an embodiment of a shaping device in a collapsed condition. 

FIG. 2d depicts an embodiment of a shaping device in an expanded condition. 
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FIG. 2e depicts an embodiment of a shaping device in a collapsed condition. 

FIG. 3 a depicts an embodiment of a shaping device deployed within a human heart. 

FIG. 3b depicts an embodiment of a human heart before remodeling. 

FIG. 4 depicts an embodiment of a shaping device deployed within a human heart. 

5 FIG. 5 depicts an embodiment of a method of repairing at least a portion of a human 

heart. 

FIG. 6 depicts an embodiment of a method of repairing at least a portion of a human 

heart. 

FIG. 7 depicts an embodiment deployed within a human heart. 
10 FIG. 8a depicts an embodiment deployed within a human heart. 

FIG. 8b depicts an embodiment deployed within a human heart. 
FIG. 8c depicts an embodiment deployed within a human heart. 
FIG. 8d depicts an embodiment deployed within a human heart. 

15 FIG. 9 depicts an embodiment of a newly infarcted left ventricle with anterior-apical 

scar. 

FIG. 10 depicts an embodiment of the ventricle in depicted in FIG. 9. 

20 FIG. 1 1 depicts an embodiment of the ventricle in depicted in FIG. 9 including a 

reinforcing element. 

FIG. 12 depicts an embodiment of a ventricle including a reinforcing element after a 
period of time has passed since placement of the reinforcing element. 

25 
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FIG. 13 depicts an embodiment of a reinforcing element. 

FIG. 14 depicts an embodiment of a shaper that matches the object in FIG. 13. 

5 FIG. 1 5 depicts an embodiment of a reinforcing element with a coupling mechanism 

in an activated/engaged state. 

FIG. 16 depicts an embodiment of a portion of a reinforcing element including a 
sectional view of one conduit of the reinforcing element with a coupling mechanism in an 
10 inactivated/disengaged state. 

FIG. 17 depicts an embodiment of a portion of a reinforcing element including a 
sectional view of the reinforcing element with coupling mechanism in an activated/engaged 
position. 

15 

FIG. 18 depicts an embodiment of a portion of a reinforcing element with a coupling 
mechanism in an inactivated/disengaged state. 

FIG. 19 depicts an embodiment of a portion of a reinforcing element with a coupling 
20 mechanism in an activated/engaged state. 

FIG. 20 depicts an embodiment of a portion of a reinforcing element with a coupling 
mechanism in an activated/engaged state positioned in a left ventricle of a heart wherein the 
portions of the coupling mechanism extend partially into an endocardial wall surface. 

25 

FIG. 21 depicts an embodiment of a portion of a reinforcing element with a coupling 
mechanism in an activated/engaged state positioned in a left ventricle of a heart wherein the 
portions of the coupling mechanism extend through an endocardial wall surface. 

30 FIG. 22 depicts an embodiment of a portion of a reinforcing element with a coupling 

mechanism. 
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FIG. 23 depicts an embodiment of a portion of a reinforcing element with a coupling 
mechanism positioned in a left ventricle of a heart wherein the portions of the coupling 
mechanism extend through an endocardial wall surface. 

5 

FIG. 24 depicts an embodiment of a reinforcing element. 

FIG. 25 depicts an embodiment of a reinforcing element cut to be placed in a patient. 

10 FIG. 26 depicts an embodiment of a sectional view of a dilated heart with a 

reinforcing element. 

FIG. 27 depicts an embodiment of a reinforcing element including an adjustment 
mechanism in an inactivated state. 

15 

FIG. 28 depicts an embodiment of a reinforcing element including an adjustment 
mechanism in an activated state. 

FIG. 29 depicts an embodiment of a portion of a reinforcing element including a 
20 sectional view of the reinforcing element with adjustment mechanism in an 
inactivated/disengaged position. 

FIG. 30 depicts an embodiment of a portion of a reinforcing element including a 
sectional view of the reinforcing element with adjustment mechanism in an 
25 activated/engaged position. 

FIG. 31 depicts an embodiment of a reinforcing element. 

FIG. 32 depicts an embodiment of a reinforcing element coupled to a portion of a 
30 human heart during use. 
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FIG. 33 depicts an embodiment of a method for positioning a reinforcing element. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shown by way of example in the drawings and may herein 
5 be described in detail. The drawings may not be to scale. It should be understood, however, 
that the drawings and detailed description thereto are not intended to limit the invention to 
the particular form disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents and alternatives falling within the spirit and scope of the present invention as 
defined by the appended claims. 

10 

DETAILED DESCRIPTION 

Turning to FIG. 1, there is presented an overview method 100 for performing and 
using an embodiment. Method 100 may use the following components: a shaping device, a 
patch, and/or a stapling device. 

15 In some embodiments, a shaping device may be pre-shaped to generally model the 

appropriate volume and shape of the left ventricle, as is depicted in FIG. 2a. Shaping device 
200 may be used as a guide in reforming the left ventricle so that the reconstructed heart 
may be formed closer to the size and shape of the pre-enlarged heart. Consequently, the 
heart performs better post operatively than with conventional methods. As illustrated in 

20 FIG. 2a, shaping device 200 may be conical or "tear drop" in shape. The length of shaping 
device 200 may vary with each patient and will typically be a function of the volume 
selected for the shaping device. The size, shape, and/or volume of shaping device 200 may 
vary according to individual patient specific needs. Shaping device 200 may be designed 
and manufactured for a specific patient's needs. In some embodiments, shaping device 200 

25 may be manufactured in a variety of sizes, shapes, and/or volumes, from which a user may 
select an appropriate shaping device for a specific patient. Depending on the patient, the 
length may be between about three inches to about four inches to generally match the length 
of the pre-enlarged left ventricle. A doctor may select the appropriate volume for the 
shaping device by estimating the volume of the pre-enlarged left ventricle. Such selection 

30 procedures and shaping devices are discussed in U.S. patent application serial no. 
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09/864,510, filed on May 24, 2001 by the inventors, which is hereby incorporated by 
reference into this application. 

In some embodiments, such as illustrated in FIG. 2a, the shaping device may be 
inflatable balloon 202 coupled to filler tube 204. Such tubes are well known in the art, and 
5 illustratively may be made of plastic-type materials such as PVC. A proximal end of filler 
tube 204 may be connected to a fluid reservoir (not shown), which may be used to fill a pre- 
specified amount of fluid into balloon 202 through filler tube 204. A fluid reservoir may 
include, for example, a syringe. The injection of fluid through filler tube 204 inflates 
balloon 202 to an inflated condition. 

10 In certain embodiments, a shaping device may include a wire skeleton or frame, as 

illustrated in FIG. 2b. The wire frame could be made from surgical grade stainless steel, 
titanium, tantalum, and/or nitinol. Nitinol is a commercially available nickel-titanium alloy 
material that has shape memory and is super elastic. Nitinol medical products are available 
from AMF of Reuilly, France, and Flexmedics Corp., of White Bear Lake, Minnesota. 

15 Shaping device 210 illustrated in FIG. 2b is in an expanded condition. In this 

embodiment, main wire 212 may run through the center of shaping device 210. Coupled to 
the main wire may be a series of back ribs 214a through 214d. Back ribs 214a through 214d 
may be coupled to collar 216. 

FIG. 2c shows shaping device 210 in a collapsed position. In a collapsed position, 
20 back ribs 214a-214d surround main wire 212. During use, once shaping device 210 is 
inserted into the left ventricle, a user may cause collar 216 to slide along main wire 212 
towards distal end 218 of the wire. The force exerted on collar 216 will cause the ribs to 
buckle radially outward as illustrated in FIG. 2b to a predetermined shape. 

Some embodiments may include a wire mesh system such as illustrated in FIG. 2d. 
25 Wire mesh shaper 218 may be formed of a tubular fabric made from a plurality of wire 

strands. The wire strands forming wire mesh shaper 218 may have a predetermined relative 
orientation between the strands. Those skilled in the art will appreciate that the pick and 
pitch of the braided wires may be varied depending upon the desired density of the fabric. 
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The tubular fabric may have metal strands which define two sets of essentially parallel 
generally spiraling and overlapping strands, with the strands of one set having a "hand", i.e. 
a direction of rotation, opposite that of the other set. This tubular fabric is known in the 
fabric industry as a tubular braid. 

The pitch of the wire strands (i.e., the angle defined between the turns of the wire 
and the axis of the braid), the pick of the fabric (i.e., the number of turns per unit length), the 
number of wires employed in a tubular braid, the size or diameter of each wire in the braid, 
and/or the diameter of the braid are all examples of considerations important in determining 
a number of important properties of the device. For example, the greater the pick and pitch 
of the fabric, and hence the greater the density of the wire strands in the fabric, the stiffer the 
device will be. The greater the diameter of each wire of the braid, the stiffer the device will 
be. 

The wire strands of the tubular metal fabric may be manufactured from so-called 
shape memory alloys. Such alloys tend to have a temperature induced phase change which 
15 will cause the material to have a preferred configuration which may be fixed by heating the 
material above a certain transition temperature to induce a change in the phase of the 
material. When the alloy is cooled back down, the alloy will "remember" the shape it was in 
during the heat treatment and will tend to assume that configuration unless constrained from 
so doing. 

20 Without any limitation intended, suitable wire strand materials may be selected from 

a group including a cobalt-based low thermal expansion alloy referred to in the field as 
ELGELOY, nickel-based high temperature high-strength "superalloys" (including nitinol) 
commercially available from, for example, Haynes International under the trade name 
HASTELLOY, nickel-based heat treatable alloys sold under the name INCOLOY by 

25 International Nickel, and/or a number of different grades of stainless steel. One important 
factor in choosing a suitable material for the wire strands is that the wires retain a suitable 
amount of the deformation induced by a molding surface when subjected to a predetermined 
heat treatment. 

When the tubular braid, for example, is in its preformed relaxed configuration 218 as 
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illustrated in FIG. 2d, the wire strands forming the tubular braid will have a first 
predetermined relative orientation with respect to one another. As the tubular braid is 
compressed along its axis 222, the fabric will tend to flare out away from axis 222 
conforming to the shape of the mold. When the fabric is so deformed the relative 
5 orientation of the wire strands of the metal fabric will change. After undergoing the shape 
memory process, the resulting medical device has a preset relaxed configuration 218 as 
illustrated in FIG. 2d and a collapsed or stretched configuration 220 as illustrated in FIG. 2e, 
which allows the device to be passed through a catheter or other similar delivery device. 

10 In some embodiments, the shaping device may also have mechanisms by which the 

epicardium may be grabbed and conformed to the shape of the shaping device. As will be 
explained below, in such an embodiment, the clasping instrument may be placed along the 
outer surface of the ventricle at precise locations and closed to take a bite out of the 
ventricle, reshaping the ventricle around the shaping device. 

15 A delivery device or catheter (not shown) may take any suitable shape. In some 

embodiments, a delivery device may include an elongated flexible metal shaft having a 
threaded distal end. The delivery device may be used to urge the wire mesh shaper 218 
through the lumen of a catheter for deployment in a channel of a patient's body. When the 
device is deployed out the distal end of the catheter, the device may still be retained by the 

20 delivery device. Once wire mesh shaper 21 8 is properly positioned, the distal end of the 
catheter may be pressed against the medical device and the metal shaft or guidewire may be 
rotated about its axis to unscrew the medical device from the threaded distal end of the shaft. 
The catheter and guidewire may or may not be withdrawn at this point. 

As will be explained below, in some embodiments of a method, a patch may be used 
25 in method 100. In an embodiment, the patch may be made from sheet material. The patch 
may be a variety of shapes, including circular, elliptical, or triangular in shape. In certain 
embodiments, a sheet material for a patch may be formed from a biocompatible synthetic 
material, for example, from polyester (e.g., Dacron (Hemoshield™) manufactured by the 
DuPont Corporation), or polytetrafluoroethylene (e.g., Gortex™). The sheet material may 
30 also be autologous pericardium, or some other fixed mammalium tissue such as bovine 
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pericardium or porcine tissue. The biocompatible synthetic material patch may be collagen 
impregnated to assist in hemostasis, or it may be sprayed with a hemostatic sealant to 
achieve better and instantaneous hemostasis. 

In some embodiments, on one side of a patch, there may be a means of adhering the 
5 patch to the endocardium or inside of the heart. The patch may have markings that enable 
the movement and position of the patch to be post-operatively observed and analyzed under 
imaging systems, such as for example Magnetic Resonance Imaging ("MRT), x-ray 
machines, fluoroscopy and/or other external visualization methods for post-operative 
clinical evaluation. Such markings will allow identification of the patch and allow for 
10 analysis of the heart's contractility in future post-operative evaluations. The markings may 
be radiopaque. Such radiopaque markings are discussed in U.S. patent application serial no. 
09/864,510, filed on May 24, 2001 by the inventors, which has been incorporated by 
reference into this application. 

In some embodiments, the shaping device may be coupled to the patch and/or have a 
1 5 mechanism, that couples to and releases the patch. 

In certain embodiments, an imaging system may be used preoperatively to take MRI, 
PET, and/or echocardiography imaging data of the ventricle. Imaging data may be used to 
determine what the appropriate areas of the ventricle to exclude are and/or to determine 
what the appropriate volume of the ventricle should be. 

20 Turning back now to FIG. 1 , method 1 00 will now be discussed. For purposes of 

illustration only and not by way of limitation method 100 will now be discussed as part of a 
bypass procedure. The procedure may begin by a user positioning an endoscopic camera 
into the patient to view the infarcted area of a patient's heart. Preoperatively, the user may 
determine the size of the shaping device by selecting a shaping device that matches the 

25 volume of the ventricle desired for the particular patient. 

When the shaping device is in a collapsed state, in 102, the shaping device may be 
introduced into the vasculature or vascular system of the patient. From the vascular system, 
in 104, the shaping device may be guided into the left ventricle. 



Atty. Dkt. No.: 5838-01801 



Meyertons, Hood, Kivlin, 
Kowert & Goetzel, P.C. 



In a bypass procedure, the femoral vein and artery are cannulated to connect the 
patient to the cardiopulmonary bypass machine. After the bypass machine is running, the 
shaping device is manipulated to deploy from a collapsed state to an expanded shape. In 
some embodiments, markings on the controlling handle will provide feedback to the user on 
5 how the shaping device is positioned so that he knows where the patch is in relation to the 
ventricle. A positioning device on the shaping device will align with an anatomical 
landmark inside the ventricle (e.g., the aortic annulus) to provide another reference location 
for the shaping device. In 106, the shaping device may be deployed into an expanded 
condition, as shown in FIG. 3 a. 

10 In 108, the wall of the ventricle may be imbricated over the shaping device, as 

shown in FIG. 3b. The term "imbricating" as used in this application generally means to 
bring together two edges of the ventricle wall that have non-viable tissue between them and 
excluding this portion of the ventricle wall, which will basically reshape the ventricle. The 
shaping device may help determine which edges should be brought together. However, 

15 some non-viable tissue may be left in the ventricle in order to reshape the ventricle to the 
appropriate size and shape. 

In order to imbricate or reform the ventricle wall over the shaping device, a molding 
instrument may be inserted into the chest through a small opening in an intercostal space to 
reach the epicardium. This molding instrument will allow the surgeon to press the ventricle 

20 wall against the shaping device to help reshape the ventricle, as shown in FIG. 3b. This 
molding instrument may be withdrawn. A clasping instrument may be inserted. The 
molding instrument and clasping instrument may be one device. This clasping instrument 
will take portions or "bites" out of the ventricle wall starting at the edges of the area of non- 
viable tissue that needs to be excluded to restore the ventricle to its correct shape, size, 

25 and/or contour. The bites may be made with suture type devices, stapling devices, and/or 
clip type devices, for example. The clasping instrument may be partially closed to allow the 
user to ensure that he is properly shaping the ventricle onto the shaping device. If the user 
determines that he has the clasping instrument placed properly, the device will allow for full 
closure. The implements placed by the clasping instrument when closed will have pulled 
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the ventricle wall over the shaping device and will maintain the ventricle's shape. Turning 
back to FIG. 1 , once the shaping is complete, in 1 10, the shaping device may be collapsed 
and removed from the ventricle (112). In some embodiments, intraoperative imaging may 
be used during this procedure to aid the surgeon's view of the mandrel and/or ventricle 
5 interface. 

In certain embodiments, method 100 may be performed on a beating heart. 
Referring back to 102 of FIG. 1, the collapsed shaping device may be inserted into a femoral 
artery. In 104, the shaping device is passed through the femoral artery to the left ventricle as 

10 illustrated in FIG. 4. Once in the ventricle the shaping device may be expanded briefly and 
the user checks the alignment indicators to ensure that the patch is in the correct position. 
He collapses the mandrel and allows the heart to beat normally. This procedure minimizes 
the heart's contractions for a very brief period of time while the shaping device is deployed, 
but allows the heart to beat when the shaping device is collapsed. Once the surgeon has 

15 determined that the patient may tolerate another low flow period, the shaping device may be 
expanded again (106) and the wall of the ventricle is imbricated over the shaping device 
(108). The imbrication may be performed with the placement of clasping mechanisms. The 
placement of the clasping mechanisms may be determined from analysis of the preoperative 
imaging. A small opening may be made in an intercostal space and the clasping instrument 

20 inserted through this opening. Clasping mechanisms may now be placed on the ventricle 
and partially closed. The shaping device may be deployed again briefly and the user 
assesses the progress of the procedure and collapses the shaping device. If the clasping 
mechanisms are in the correct position, the shaping device is expanded again and the 
clasping mechanisms are closed fully. The deployed shaping device ensures that the 

25 ventricle is of the intended volume. In 1 10, the shaping device is collapsed and removed 
from the ventricle and the femoral artery (112). 

In some embodiments, method 100 may be done as part of a thoracotomy, where the 
chest is opened in an intercostal space to allow greater access to the ventricle. A user could 
use the intercostal space opening to position the clasping instrument. If the user chooses, he 
30 could do revascularization of the lateral anterior descending artery along with the procedure. 
A cannula may be placed in the jugular vein to deliver cardioplegia to the coronary sinus, if 
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the user desires to do the anastomosis on an arrested heart. 

Turning to FIG. 5, method 500 will now be discussed. Method 500 may be used as 
either part of a bypass procedure or a beating heart procedure. As discussed in relation to 
method 100, a user may assess the location of the ventricle to be excluded (i.e., "the 
5 excluded portion"). The user may cut a patch to a size that covers the excluded portion or 
select a presized patch to match the excluded portion. The patch may be a predetermined 
size that corresponds to the size of the shaping device. The patch may be preattached to the 
shaping device. Once the size of the patch has been assessed, the user may select a shaping 
device that matches the volume of the ventricle desired for the particular patient. In some 
10 embodiments, the patch may be secured to the shaping device. The shaping device may be 
collapsed into/onto a delivery catheter. 

When the shaping device is in a collapsed state, in 502 the shaping device and patch 
may be introduced into the vasculature or vascular system of the patient. From the vascular 
system, in 504, the shaping device and patch may be guided into the left ventricle. 

1 5 In some embodiments, markings on the controlling handle may provide feedback to 

the user on how the shaping device is positioned, so that he knows where the patch is in 
relation to the ventricle. A positioning device on the shaping device may align with an 
anatomical landmark inside the ventricle (e.g., the aortic annulus) to provide another 
reference location for the shaping device. In 506, the shaping device may be deployed into 

20 an expanded condition, as illustrated in FIG. 7. 

Once the molding instrument has been deployed, in 508, the patch may be attached 
to the epicardium of the heart. Once the shaping is complete, in 510, the shaping device will 
be collapsed and removed from the ventricle (512). 

In some embodiments, the wall of the ventricle may be imbricated over the shaping 
25 device. In order to imbricate or reform the ventricle wall over the shaping device, a molding 
instrument may be inserted into the chest through a small opening in an intercostal space to 
reach the epicardium. This molding instrument may allow the user to press the ventricle 
wall against the shaping device. Pressing the ventricle wall against the shaping device may 
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ensure that the patch gripping mechanism attaches to the ventricle wall that is to be 
excluded. This molding instrument may be withdrawn and a clasping instrument may be 
inserted. The molding instrument and clasping instrument may be one device. This 
clasping instrument may take portions or bites out of the ventricle wall starting at the edges 
5 of the area of non viable tissue that needs to be excluded to restore the ventricle to its correct 
shape, size and contour. The bites may be made with suture type devices and/or clip type 
devices, for example. The clasping instrument may be partially closed to allow the user to 
ensure that he is properly shaping the ventricle onto the shaping device. If the user 
determines that he has the clasping instrument placed properly, the device will allow for full 
10 closure. The implements placed by the clasping instrument when closed will have pulled 
the ventricle wall over the shaping device and will maintain the ventricle's shape. 
Intraoperative imaging may be used during this procedure to aid the user's view of the 
mandrel and ventricle interface. 

Method 500 may be performed on a beating heart using intraoperative imaging. The 

15 shaping device, with the patch attached, may be passed through a femoral artery to the left 
ventricle. Once in the ventricle the shaping device may be expanded and an image made of 
the ventricle and the shaping device collapsed. This stops the heart for a very brief period of 
time while the shaping device is deployed, but allows the heart to beat when the shaping 
device is collapsed. Once the image is analyzed to ensure that the patch is in the proper 

20 place, the shaping device may be expanded again. The patch may be secured with the 

assistance of the molding instrument and the shaping device collapsed. The placement of 
the clasping mechanisms on the clasping instrument may be accomplished from analysis of 
the preoperative imaging. A small opening may be made in an intercostal space. The 
clasping instrument may be placed through this opening. Clasping mechanisms may now be 

25 placed on the ventricle and partially closed. The shaping device may be deployed again and 
another image taken of the ventricle and the shaping device collapsed. This image may be 
analyzed to ensure that the positioning of the clasping mechanisms is creating the desired 
shape of the ventricle over the shaping device. If the clasping mechanisms are in the correct 
position the shaping device may be expanded again and the clasping mechanisms are closed 

30 fully. The deployed shaping device ensures that the ventricle is the correct volume. The 
shaping device may then be collapsed and withdrawn from the ventricle and the femoral 
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artery. 

In some embodiments, a patch may be positioned in the ventricle separately from the 
shaping device. This procedure may be accomplished by having the patch introduced into 
the ventricle with a catheter across the aortic valve and secured in a fashion similar to 
5 method 500. The patch may be placed across the septal wall from the right ventricle. In this 
embodiment, a cannula is advanced into the right ventricle and a small hole may be made in 
the septum between the right and left ventricles. Another cannula with the properly shaped 
patch may be advanced into the right ventricle and through the hole in the septum where one 
half of the patch is deployed. The cannula may be pulled back into the right ventricle where 
10 the second half of the patch device is deployed. The deployment of the patch on both sides 
of the ventricle holds the patch securely in place. 

In certain embodiments, a patch may be placed on the shaping device and introduced 
into the ventricle. The patch may be attached to the wall of the ventricle. A device on the 
patch may be tightened to cause the patch to reshape the ventricle over the shaping device. 
15 Once the desired shape is achieved the shaping device is removed and the patch left in place 
to hold the desired shape. 

FIG. 6 depicts an embodiment for a method of reinforcing a dilated portion of an 
endocardial surface of a human heart. In this embodiment, a user preoperatively determines 
the location, size, and shape of the area of the septum to be reinforced. The user determines 

20 which appropriate reinforcing element will match the patient needs. Such reinforcing 
elements may be made from biocompatible materials and may take many forms. For 
instance, a patch material (discussed above) may be used. Such materials may be 
encapsulated within a deploying and securing mechanism that would allow them to be 
attached to the septal wall. An example of a reinforcing element may include a device made 

25 from shape memory metal that has the shape of the area to be reinforced and has 

biocompatible material covering the metal framework. As discussed above, the metal frame 
may be made of shape memory materials. The metal frame may provide a means to secure 
the material. The material may give substance to the metal frame to resist the pressure in 
the left ventricle. The reinforcing element may have radiopaque markings. Radiopaque 
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markings may be positioned in a pattern that allows them to be viewed and analyzed 
postoperatively. The radiopaque markings may have a shape that matches the area to be 
reinforced. The reinforcing element may be shaped to match the patient anatomy and extent 
of injury. The securing device may have a mechanism by which the reinforcing element 
5 may be secured to the septum along the border zone between viable and non-viable tissue. 
In certain embodiments, the reinforcing element may have a first surface and a second 
surface. The first surface may be adapted to match the dilated portion of the endocardium. 
The second surface may be adapted to match an appropriate shape of the left ventricle. 
Thus, the reinforcing element may be used to reshape the ventricle. 

10 Turning back to FIG. 6, in 602, a user may insert a first catheter with a distal and 

proximal end percutaneously into a vasculature or vascular system (such as the jugular vein 
or the femoral vein) of the patient. The user may route a guidewire through a vein into the 
right ventricle in the vicinity of the area to be reinforced. With the guide wire in place, in 
604, the surgeon may guide the first catheter into the right ventricle, as illustrated in FIG. 

15 8a. Once the first catheter is in place, in 606, an incision may be made into the septal wall. 
In one embodiment, the incision may be accomplished with the aid of a trocar. The trocar 
may be advanced along the guide wire and positioned at the point in the septum that is 
generally the central point of the thinned septal region. The trocar may be pushed through 
the thinned septal wall to create a path between the right and left ventricles. 

20 In 608, the guidewire may be advanced into the left ventricle from the right ventricle 

and, if a trocar is used, it may be withdrawn. In 610, a second catheter may be inserted over 
the guidewire such that the second catheter is introduced into the left ventricle. However, 
the second catheter may be coupled to a reinforcing element, as described above. In 612, 
the reinforcing element may be deployed in order to reinforce the portion of the endocardial 

25 surface, as illustrated in FIG. 8b. For instance, in the left ventricle side of the septum, one 
portion of the reinforcing element may be deployed with the edges of the device and 
securing mechanism resting on viable tissue of the septum at the border zone of the non- 
viable septal tissue. A second part of the securing mechanism may be deployed in the right 
ventricle and secured to the septal wall, as depicted in FIGS. 8c and 8d. A securing 

30 mechanism may be a type of mechanism used to occlude ventricular septal defects. NMT 
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Medical (Massachusetts), W.L.Gore (Arizona) and AGA Medical Corporation (Minnesota) 
manufacture such devices. In 614, all components may be withdrawn from the right 
ventricle and the procedure is completed. 

In certain embodiments, method 600 may include inserting a patch into the left 
5 ventricle using the reinforcing element. The patch may be positioned such that the patch 
aligns with a non-viable region in the heart. The reinforcing element may be expanded to an 
expanded shape. In the expanded shape the patch may be attached to the dilated portion of 
the heart. The expanding may anchor the reinforcing element to the septal wall in the right 
ventricle. 

Some embodiments may include a reinforcing element and securing mechanism 
deploying on either side of the ventricle without creating a hole in the septum. In these 
embodiments a guidewire may be placed in the jugular or femoral veins and advanced to the 
proper location at the septum. The reinforcing element and securing mechanism may be 
advanced along the guidewire and the reinforcing element secured to the septum at the 
border zone of the non- viable septal tissue. The securing mechanism may be secured to the 
viable tissue at the edge of the border zone. An example of a type of securing mechanism 
that may be used are those similar to securing devices used to secure thoracic aortic 
aneurysm grafts. Medtronic (Minnesota), W. L. Gore (Arizona) and Boston Scientific 
(Massachusetts) make these securing mechanisms. The reinforcing element may be placed 
in the left ventricle side of the septum. At least one guidewire may be advanced through the 
aortic valve from the femoral artery or through one of the three great vessels coming off the 
aortic arch. The reinforcing element may be placed in a fashion similar to that used to place 
the device on the right ventricle side of the septum. 

In some embodiments, two reinforcing elements may be positioned on either side of 
25 the septum in both the right and left ventricles without being connected through the septum. 
The placement of both reinforcing elements may be done as described for the individual 
placements in the right and left ventricles. 

In certain embodiments, described procedures may be done as part of an endoscopic 
surgical ventricular repair, when the ventricle wall as well as the septum have been 
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damaged due to ischemia. The placement of the reinforcing element may be as described in 
any one of the methods described herein. The endoscopic surgical ventricular repair 
procedure may include inserting a ventricular shaping device into the left ventricle via the 
femoral artery. A molding instrument may be inserted into the chest through a small 
opening in an intercostal space to reach the epicardium. This instrument may allow the 
user to press the ventricle wall against the shaping mandrel Pressing the ventricle wall 
against the shaping mandrel may ensure that the ventricle is pressed against the mandrel. 
This pressing device may be withdrawn and a clasping instrument may be inserted. The 
molding instrument and clasping instrument may be one device. This device may take bites 
out of the ventricle wall starting at the edges of the area of non viable tissue that needs to be 
excluded to restore the ventricle to its correct shape, size, and/or contour. The bites may be 
made with suture type devices and/or clip type devices, for example. Such devices are 
currently used in an endoscopic surgery procedure and commonly referred to as GIA, in 
which a portion of the patient's stomach is excluded from the remainder of the stomach. 
These devices are manufactured by USSC (Connecticut), and Ethicon Endosurgery (Ohio). 
The clasping instrument may be partially closed to allow the user to ensure that he is 
properly shaping the ventricle onto the shaping mandrel. If the user determines that he has 
the clasping instrument placed properly, the device may allow for full closure. The 
implements placed by the clasping instrument when closed will have pulled the ventricle 
wall over the shaping mandrel and may maintain the ventricle's shape. Once the shaping is 
complete, the shaping mandrel may be collapsed and taken from the ventricle. 
Intraoperative imaging may be used during this procedure to aid the surgeon's view of the 
mandrel and ventricle interface. 

If needed, revascularization during the beating heart method may be done either with 
25 stents alone or with a LIMA to LAD graft using a small thoracotomy and stents on any other 
vessel that need to be opened. All other aspects of surgical ventricular restoration may be 
performed. 

The physiological changes a heart under goes after a major cardiovascular event 
30 (e.g., an infarction or heart attack) is well documented in textbooks. After an infarction, for 
example, the left ventricle undergoes contour change as a result of thinning and elongation 
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of the infarcted region. This topographic alteration in the infarcted region may be referred 
as "Infarct Expansion" and/or "remodeling." In about 30% of patients who suffer 
myocardial infarction or heart attack the remodeling is severe enough to develop heart 
failure. The remodeling process after a myocardial infarction is dependent on many factors 
5 including infarct size, infarct location, depth of infarction (transmurality), and/or ventricular 
wall stress. These factors may be clinically evaluated and patients with predilection to heart 
failure may be identified. However, there are not many options available to the doctors to 
prevent patients from slipping into heart failure. 

10 Important factors in the remodeling process include increase in wall tension and wall 

stress in the areas surrounding the scar tissue. "Scar tissue" within the context of this 
application is generally defined to include damaged tissue (e.g., akinetic tissue and/or non 
viable tissue). Scar tissue may result from disease and/or major cardiac events (e.g., 
myocardial infarction). Wall tension may be generally defined as EQN 1 : 

15 

(1 ) Wall tension = (P x r)/ 2 (i.e., Law of Laplace). 

Where P is generally defined as pressure, and where r is generally defined as radius. Wall 
stress may be generally defined by EQN 2: 

20 

(2) Wall Stress = Wall Tension / thickness = (Px r)/(2h). 

Where h is generally defined as wall thickness. 

25 Thinning of the infarcted area (especially near the apex) may result in an increase in 

the radius by a factor of about 2 to 3 times. This increase in radius combined with the 
reduction of the wall thickness to 1/2 or 1/3 times the original wall thickness and an increase 
in ventricular filling pressure (due to increase in ventricular size) may result in an increase 
in wall stress 4 to 10 times pre-infarcted levels. 

30 

In some embodiments, an infarcted portion of a human heart may be reinforced. 
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Reinforcement of an infarcted area may assist in substantially preserving a contour of the 
portion of the human heart. In certain embodiments, the portion of the heart may be a part 
of a ventricle (e.g., the left or right ventricle). Reinforcement of the portion of the heart may 
assist in preserving the radius of the ventricle that includes the portion of the heart. 
5 Preserving the radius of the portion of the heart will reduce wall stress. The reinforcing 
element may function to inhibit expansion of the volume of the ventricle (e.g., left and/or 
right ventricle). The reinforcing element may function to inhibit expansion of the interior 
wall/endocardial surface of the ventricle. In some embodiments, reinforcement of the 
portion of the heart may be accomplished by attaching a reinforcing element to the portion 
10 of the heart. 

In some embodiments, a reinforcing element may inhibit expansion of an 
endocardial surface. The area of the endocardial surface may be averaged over a specified 
time period (e.g., a cardiac cycle) or phase. For example, the reinforcing element may be 

15 configured to inhibit expansion of an average of an endocardial surface over a cardiac cycle 
of the left or right ventricle. The reinforcing element may inhibit expansion of an 
endocardial surface while allowing substantially normal contraction and expansion of the 
heart during use. The reinforcing element may be configured to inhibit expansion of an 
endocardial surface such that normal contraction and expansion during a cardiac cycle of the 

20 heart remains substantially unimpeded. "Unimpeded" in the context of this application is 
generally defined as not slowed or prevented. 

The reinforcing element may be attached to the interior wall (e.g., endocardial) 
surface of the portion of the heart. In some embodiments, a reinforcing element may be 
25 implanted as soon after a myocardial infarction occurs as is possible. The sooner the 

reinforcing element is positioned the more effectively it may prevent any further damage. In 
some embodiments, it may be desirable to implant a reinforcing element within a week of a 
myocardial infarction. 

30 In many of the following figures and embodiments, reinforcement of the apex of the 

left ventricle will be discussed, serving merely in an illustrative manner. However, this 
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reinforcement of the apex of the left ventricle should not be seen as a limiting embodiment, 
and reinforcement as described herein may be applied to any part of a human heart. 

As depicted in FIG. 9, left ventricle 902 of human heart 900 has a certain shape (i.e., 
5 the contour varies). The radius of curvature at various points is different. Note that the 
radius 904 at the apex is the smallest; hence the apex may be particularly vulnerable to 
infarct expansion. FIG. 9 depicts an infarcted and/or non- viable portion 906 of left ventricle 
902. 

10 FIG. 10 depicts heart 900 after remodeling as a result of a myocardial infarction. 

Infarcted area 906 is depicted with the infarcted area thinned and the radius substantially 
increased. Thinning of infarcted area 906 and/or an increase in radius of the ventricle leads 
to an increase in wall stress. Also, the disfigured infarcted area 906 may result in global 
expansion of the ventricle. Note that radius 904 at the apex has increased and subsequently 

15 the volume of ventricular cavity 902 is substantially larger in FIG. 10 than in FIG. 9. 

If reinforcing element 908 is implanted soon after infarction (as depicted in FIG. 1 1) 
the remodeling resulting from myocardial infarction may be inhibited and/or substantially 
lessened. In some embodiments, reinforcing element 908 may have a shape and/or size 

20 substantially mimicking infarcted region 906. In certain embodiments, reinforcing element 
908 may be positioned in a ventricle soon after a myocardial infarction and before the 
ventricle has had an opportunity to begin remodeling itself; therefore, the reinforcing 
element may be of a shape and/or size of a portion of the existing ventricle. The size and/or 
shape of infarcted tissue may be obtained, for example, by analyzing delayed 

25 hyperenhanced cardiac MRI images. Cardiac analysis software such as SIMON (Chase 
Medical, Richardson, Texas) is commercially available and able to perform such analysis. 
Cardiac analysis software, such as SIMON, may assist in analyzing the size and/or shape of 
the scar. Analysis software may assess the location of the scar with respect to other cardiac 
structures (e.g., papillary muscles, mitral valve, aortic valve, and/or septum). 

30 

In some embodiments, reinforcing element 908 may be specifically designed and 
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manufactured according to patient specific requirements. In certain embodiments, 
reinforcing element 908 may be provided in a variety of predetermined shapes and/or sizes 
from which a user (e.g., a surgeon or doctor) may choose that which best suits the patients 
needs. 

5 

Reinforcing element 908 may include a plurality of coupling points. Coupling points 
may assist reinforcing element 908 to attach to a portion of the endocardial surface of a 
heart once the reinforcing element has been properly positioned. The portion of the 
endocardial surface may include non viable tissue (e.g., infarcted tissue). In some 

10 embodiments, a plurality of coupling points may assist a reinforcing element to releasably 
attach to an endocardial surface of a heart. Reinforcing elements, which are able to 
releasably attach to the endocardial surface of a heart, may allow a user to reposition the 
reinforcing element after initially positioning the reinforcing element. A user may choose to 
reposition the reinforcing element after having assessed the initial placement of the 

15 reinforcing element. The plurality of coupling points may be distributed over the "surface" 
of the predetermined shape of the reinforcing element. In some embodiments, the plurality 
of coupling points may be substantially evenly distributed over the surface of the reinforcing 
element. 



20 Appropriate placement of a reinforcing element within the ventricle may allow the 

reinforcing element to provide structural support for at least the portion of the ventricle to 
which the reinforcing element is attached. Typically scar and/or non viable tissue resulting 
from a myocardial infarction may thin over time, consequently the radius along the 
endocardial boundary may be increased. Providing structural support to scar and/or non 

25 viable tissue may inhibit deformation of the ventricle. Deformation may include an 

increasing radius along the endocardial boundary. Deformation may be characterized by 
expansion of the endocardial surface of the heart and/or an increasing ventricular volume. 

Inhibiting deformation of a ventricle may assist in preserving the endocardial radius, 
30 and, thus maintaining the wall tension. Wall stress may still increase relative to pre- 
infarction due to thinning of the wall; however, the increase in wall stress may be 
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substantially less than if the reinforcing element were not in place. With a reinforcing 
element in position, wall thinning may also be reduced. As non viable tissue thins, outer 
wall tissue may be pulled up towards the reinforcing element, due at least in part to the inner 
wall being attached to the reinforcing element inhibiting the inner wall from expanding 
5 outward. Outer wall tissue pulled towards the reinforcing element may include viable tissue 
in the border (an example of this is depicted in FIG. 12). This redistribution of tissue, in 
response to positioning the reinforcing element, may result in substantially thicker wall 
tissue in the infarcted region compared to if the reinforcing element were not used. 

10 With no change in wall tension and reduced wall thinning, ventricular wall stress 

may not be significantly increased. Therapy, including the use of a reinforcing element or a 
reinforcing element in combination with the use of known cardiac drugs (e.g., diuretics, 
calcium channel blockers (all of which reduce the load on the heart)) and/or 
revascularization (bypass or stent), may prevent patients from slipping into heart failure. 

15 

In some embodiments, reinforcing element 908 may include a "mesh basket" as 
depicted in FIG. 13. Reinforcing element 908 may be formed at least in part by a plurality 
of conduits 910. Conduits 910 may be formed at least partially of shape memory metals, 
properties of which are described herein. A specific example of a shape memory metal from 
20 which conduits may be formed includes, but is not limited to, nitinol. In some 

embodiments, a reinforcing element may be formed from any biocompatible material (or 
any material which may be adapted to be biocompatible) that may offer increased structural 
strength and/or integrity to a portion of the heart to which the reinforcing element is 
attached. 

25 

In some embodiments, a reinforcing element may be formed from materials (e.g., 
shape memory metals) allowing the reinforcing element to take on one or more shapes. The 
materials may be flexible, and "remember" at least one predetermined (e.g., a predetermined 
second shape). However, the flexibility of the material may allow the reinforcing element to 
30 assume other shapes, other than the predetermined second shape. The second predetermined 
shape may substantially emulate a size and/or shape of at least a portion of an endocardial 

Atty. Dkt. No.: 5838-01801 28 Meyertons, Hood, Kivlin, 

Kowert & Goetzel, P.C 



surface of a ventricle. The reinforcing element may be able to form a first predetermined 
shape. A diameter of the second predetermined shape is larger than a diameter of the first 
predetermined shape. Diameter in this particular instance refers to an average diameter 
along a central axis. The first predetermined shape may allow the reinforcing element to 
5 navigate through a relatively confined space (e.g., relative to a ventricle) such as, for 
example, a catheter, a cannula, and/or a vasculature system of a human body. 

In certain embodiments, reinforcing element 908 has conduits 910 extending to the 
periphery of the scar, as depicted in FIG. 12. In some embodiments, conduits 910 may be of 
10 various lengths. Conduits of various lengths may engage a portion of a heart at various 
points other than at the periphery of the portion. In general, the more coupling points the 
better reinforcement of the portion of the heart. Larger portions of infarcted tissue may 
require more coupling points than relatively smaller portions of infarcted or non viable 
tissue. 

15 

In some embodiments, reinforcing element 908 may include one or more support 
elements 91 1, as depicted in FIG. 27. One or more support elements 91 1 may couple or 
attach together two or more of conduits 910. Support elements 91 1 may inhibit the 
reinforcing element from expanding beyond a second predetermined shape during use. 
20 Support elements 91 1 may allow the reinforcing element to contract to an extent that allows 
the heart to operate normally. In some embodiments, support elements 911 may include an 
accordion style embodiment (as depicted in FIG. 27) to allow appropriate contraction of a 
heart as well as to substantially inhibit expansion of a reinforcing element beyond a second 
predetermined shape. 

25 

In some embodiments, a reinforcing element may include a mechanism for attaching 
to or engaging a surface (e.g., endocardial) of a heart. A coupling mechanism may include 
any mechanism that upon activation effectively couples the reinforcing element to a portion 
of human tissue (e.g., cardiac tissue). The coupling mechanism may releasably attach to 
30 cardiac tissue, allowing a user to reposition the reinforcing element after initially positioning 
and coupling the reinforcing element to a portion of the heart. 
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In some embodiments, a coupling mechanism may include a plurality of elongated 
members 912, as depicted in FIG. 14. FIG. 14 does not depict a plurality of conduits 910 
for purposes of clarity. Elongated members 912 may be at least in part formed from shape 
5 memory metals (e.g., nitinol). In some embodiments, elongated members 912 may include , 
pointed, sharp, and/or needle tipped distal ends 914. Elongated members 912 may be 
positioned in conduits 910 (depicted in FIG. 13). One or more elongated members may be 
positioned in the conduits. In certain embodiments, only one elongated member may be 
positioned in each conduit. When in a retracted or inactivated state, at least distal ends 914 

10 may be positioned substantially in conduits 910. When in an extended or activated state, at 
least distal ends 914 may be extended substantially beyond the distal end of each respective 
conduit 910. Distal ends 914 of elongated members 912 may be predisposed (e.g., 
preshaped in the case of shape memory metal based elongated members) to exist in a 
substantially inwardly curled state as depicted in FIG. 14. FIG. 15 depicts reinforcing 

15 element 908 with distal ends 914 of the elongated members activated and extended from 
conduits 910. 



FIG. 16 depicts a cross sectional view of a portion of reinforcing element 908, 
including one conduit 910 and one elongated member 912. Elongated member 912 is 

20 depicted in a retracted/inactivated state in FIG. 16. Elongated member 912 may be formed 
from a substantially flexible material such that the distal end 914 may bend and flex so as to 
be positionable in conduit 910 when in a retracted state. When elongated member 912 is in 
an extended/activated state distal end 914 may change shape to a substantially inwardly 
curled state (as depicted in FIG. 17). Distal ends 914 in the substantially curled state may 

25 pierce tissue (when positioned in a portion of a heart) attaching reinforcing element 908 to 
the portion of the heart. 



In some embodiments, a reinforcing element may include a coupling mechanism. 
FIG. 18 depicts an embodiment of a portion of reinforcing element 908 with a coupling 
30 mechanism in an inactivated/disengaged state. The coupling mechanism may include 

coupling portions 915. Coupling portions 915 may be attached to a portion of reinforcing 
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element 908 and/or the coupling portions may be formed as part of a portion of the 
reinforcing element (as depicted in FIG. 18). In embodiments of a reinforcing element 
including coupling portions, conduits may not be necessary and a wire cage forming the 
reinforcing element may be formed from substantially solid elongated members. In some 
5 embodiments, coupling portions may be formed from a substantially flexible material 

facilitating their passage through a constricted passage such as a flexible conduit. A flexible 
material may allow the coupling portions to bend so as to allow the reinforcing element to 
pass through a conduit. Coupling portions may include a first form as depicted in FIG. 18 
The first form may facilitate penetration of human tissue. 

10 

FIG. 19 depicts an embodiment of a portion of reinforcing element 908 with a 
coupling mechanism including coupling portions in an activated/engaged state. Upon 
penetrating tissue coupling portions 915 may be activated and change shape. Coupling 
portions may change shape into a second form as depicted in FIG. 19. The second form 
1 5 may inhibit extraction of the coupling portions from penetrated tissue, effectively attaching 
the reinforcing element to an endocardial surface of a heart. 

In some embodiments, coupling portions may be formed from shape memory metals. 
Shape memory alloys have a unique property of shape retention at different states. The 

20 material exists at two forms i.e. Austenite and Martensite. For example a wireform may be 
formed into a particular shape in an Austenite state and deformed i.e. stretched to make it 
straight, this deformation process will convert the wireform into its Martensite state. 
However, when the wire is heated above a transformation temperature it goes back to its 
Austenite state, and recovers its original shape. A reversible solid-state phase 

25 transformation from austenite to martensite occurs, for example, on cooling (or by 
deformation) and the reverse transformation from martensite to austenite occurs, for 
example, on heating (or upon release of deformation). The transformation temperature is 
dependent on the material composition. Materials can be engineered to have transformation 
temperatures just a few degrees above body temperature (e.g., 45 °C). There are many 

30 companies, which specialize in nitinol fabrication like Memry Corporation 
(www.memry.com ), Nitinol Devices and Components (www.Nitinol.com). 

Atty. Dkt. No.: 5838-01801 3 1 Meyertons, Hood, Kivlin, 

Kowert & Goetzel, P.C. 



In some embodiments, coupling portions may be activated by subjecting them to 
mild heat to transform into a second form as depicted in, for example, FIG. 19. The heating 
of the device can be accomplished by passing low powered electricity through the device, 
which will generate resistance heating in the device. 

Heat generated (oc) may be expressed in the equation: I 2 R. Where I is Current, and 
R is electrical resistance of the device/material. 

In some embodiments, distal ends of coupling portions may be positioned 
substantially in an endocardial surface of a ventricle upon positioning a reinforcing element. 
Once positioned one or more of the coupling portions may be activated changing the shape 
of the activated coupling portion from a first form to a second form. The second form may 
inhibit extraction of the distal ends of the activated coupling portions from the endocardial 
surface of the ventricle. FIG. 20 depicts an embodiment of a portion of reinforcing element 
908 with a coupling mechanism in an activated/engaged state positioned in a left ventricle of 
a heart wherein portions 915 of the coupling mechanism extend partially into an endocardial 
surface surface. 

In other embodiments, distal ends of coupling portions may be extended 
substantially through an endocardial wall of a ventricle upon positioning a reinforcing 
element. Once positioned one or more of the coupling portions may be activated changing 
the shape of the activated coupling portion from a first form to a second form. The second 
form may inhibit extraction of the distal ends of the activated coupling portions through the 
endocardial wall of the ventricle. FIG. 21 depicts an embodiment of a portion of reinforcing 
element 908 with a coupling mechanism in an activated/engaged state positioned in a left 
ventricle of a heart wherein portions 915 of the coupling mechanism extend through an 
endocardial wall surface. 

In some embodiments, a coupling mechanism may include coupling portions. Distal 
ends of coupling portions may include broadened parts or "barbs". FIG. 22 depicts an 
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embodiment of a portion of reinforcing element 908 with a coupling mechanism including 
coupling portions 915 with barbs. Barbs may make disengagement of the reinforcing 
element difficult. FIG. 23 depicts an embodiment of a portion of reinforcing element 908 
with a coupling mechanism positioned in a left ventricle of a heart wherein portions 915 of 
5 the coupling mechanism extend through an endocardial wall surface. 

In some embodiments, activation mechanism 916 (depicted in FIGS. 16 and 17) may 
be used to activate reinforcing element 908 during use. Activation mechanism 916 may 
include any mechanism which, when employed after the reinforcing element is positioned, 
10 sets in motion a coupling mechanism (e.g., such as elongated members 912 described 
herein) that attaches the reinforcing element to surrounding tissue. 

Some embodiments may include an activation mechanism such as is depicted in 
FIGS. 16 and 17. Activation mechanism 916 may include a center region. The center 

15 region may function to couple at least two elongated members 912. The activation 

mechanism may be formed by coupling at least some of the proximal ends of the elongated 
members to each other. The activation mechanism may be formed by coupling at least two 
of the conduits to the center region. The conduits coupled to the center region may radiate 
out from the center region. In an inactivated state, as depicted in FIG. 16, the activation 

20 mechanism may include portions of elongated members 912 forming a convex shape. 

Activation mechanism 916 may be activated by applying pressure and inverting the convex 
shape to a concave shape. Inverting the convex shape to a concave shape pushes elongated 
members 912 further in and through conduits 910, extending distal ends 914 beyond the 
distal ends of the conduits. 

25 

In some embodiments, activation mechanism 916 may include a center region. The 
center region may include an opening. For example, the activation mechanism may include 
a substantially circular ring. Proximal ends of elongated members 912 may be coupled to 
the periphery of the circular ring. Activation mechanism 916 may be activated by applying 
30 pressure to the ring and inverting the convex shape to a concave shape. The opening may 
allow a guidewire to pass through reinforcing element 908. A guidewire may assist in 
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positioning the reinforcing element during surgery. 

In some embodiments, a reinforcing element may be made of a preshaped patch 
material, with a shape and/or size similar to an infarcted area. In certain embodiments, a 
patch may be delivered over a shaper (e.g., a wire mesh mandrel). Once the patch is placed 
at desired location, the patch may be attached to the scar by injecting biocompatible glue 
between the patch and scar tissue. 

FIG. 24 depicts an embodiment of reinforcing element 908 which may be "cone 
shaped" similar to the lower portion of the left ventricle. This conical shape may be open at 
base 932 of the patch and have tip 934, which may function as a new apex after insertion 
into the patient. 

In one embodiment, three-dimensional reinforcing element 908 may be made out of 
a single piece of material to make the patch seamless. Reinforcing element 908 may come 
in different sizes. The sizes may correspond to a size of a shaping device or to the size of an 
appropriate ventricle. Reinforcing element 908 may be easily cut, so that surgeons may 
match the material to the akinetic area of the patients heart. Such a modified reinforcing 
element is illustrated in FIG. 25. 

Reinforcing element 908 may be made from a polyester, for example a Dacron™ 
like material. Such material is currently used for implantable prosthetics. Woven materials, 
such as polyesters, may be impregnated with materials that function to inhibit penetration of 
fluids such as blood. Materials which may be impregnated to inhibit leaking may include 
collagen. Reinforcing element 908 may be manufactured in a variety of methods known in 
textile manufacturing (e.g., bonding, weaving, cut to shape, sewing, etc.). An embodiment 
may have a three dimensional patch made from ePTFE (expanded polytetrafluoroethylene). 
In some embodiments, reinforcing element 908 may be formed from bioprosthetic materials. 
Examples of bioprosthetic materials may include, but are not limited to, porcine cells and 
bovine cells. 
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In some embodiments, reinforcing element 908 may be made of synthetic material 
that, when subjected to a stimulus, flexes or contracts. Synthetic material which 
flexes/contracts in response to stimuli may aid in contraction of the left ventricle. In these 
embodiments, reinforcing element 908 may be made out of ion exchange material. Ion 
5 exchange material may be coated with a noble metal, shape memory metals, and/or 

electrosensitive gels that change shape in reaction to an electrical signal. Such a patch could 
be simulated to flex in synchronization with the cardiac cycle of a pacemaker or other 
implantable controller. A controller may be programmed transcutaneously and the amount 
of contraction may be controlled and adjusted. An energy source of the electric signal may 
1 0 come from a rechargeable battery that may be charged transcutaneously. 

An embodiment may have reinforcing element 908 made totally from biologic 
material that contracts and assists in the contraction of the ventricle. Such an embodiment 
may be made from autologous cells, xeno transplant, cultured skeletal muscle cells, cultured 
15 bone marrow cells, cultured cardiac muscle cells, and/or cultured smooth muscle cells. A 
growth factor to stimulate tissue growth may be impregnated in the biologic material to be 
released over time. 

Reinforcing element 908 may also be a structure that is impregnated with biological 
20 material that contracts and assists in the contraction of the ventricle. The structure could be 
impregnated with skeletal muscle cells, bone marrow cells, cardiac muscle cells, and/or 
smooth muscle cells. The structure may be bioabsorable and may be absorbed by the body 
over time, leaving only the biological material. In an embodiment, a growth factor may be 
impregnated in the structure to be released over time. 

25 

A reinforcing element may provide structural support for at least a portion of a 
ventricle to which the reinforcing element is attached by appropriate placement of the 
reinforcing element in the ventricle. Typically scar and/or non viable tissue resulting from a 
30 myocardial infarction thins over time, consequently the radius along the endocardial 

boundary may increase. Providing structural support to scar and/or non viable tissue may 
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inhibit deformation of the ventricle. Deformation may include an increased radius along the 
endocardial boundary. Inhibiting deformation of a ventricle may assist in preserving the 
endocardial radius, and, thus maintaining the wall tension. 

5 Certain embodiments of a reinforcing element inhibit further deformation of a 

ventricle. Methodology and apparatus embodiments that inhibit further deformation of a 
ventricle require a user to position a reinforcing element as soon as is feasible after a 
cardiovascular event (e.g., a myocardial infarction) in a subject. The possibility of 
ventricular deformation is lessened by positioning a reinforcing element in a ventricle as 
10 early as possible. Early positioning of the reinforcing element may increase the beneficial 
impact of the reinforcing element in inhibiting further deformation. Inhibiting further 
deformation may not be enough, however, in cases where moderate to extensive ventricular 
deformation has already occurred. 



15 In some embodiments, a reinforcing element may include an adjustment mechanism. 

The adjustment mechanism may facilitate changing a dimension of one or more portions of 
the reinforcing element when activated. "Dimension" within the context of this application 
generally includes, for example, such concepts as length, width, radius, diameter and/or 
volume. The adjustment mechanism may be used to change the dimension of one or more 

20 portions of the reinforcing element when the reinforcing element is attached to a portion of a 
ventricle. Using the adjustment mechanism to change the dimension of one or more 
portions of the reinforcing element may result in a change in the dimension of the portion of 
the ventricle. FIG. 27 depicts an embodiment of reinforcing element 908 including 
adjustment mechanism 918. The adjustment mechanism is in an inactivated state. The 

25 reinforcing element and adjustment mechanism are positioned in a left ventricle of a human 
heart. 



FIG. 28 depicts an embodiment of reinforcing element 908 including adjustment 
mechanism 918 in an activated state. Upon attaching the reinforcing element to a portion of 
30 an interior/endocardial surface of a ventricle, the adjustment mechanism may be activated. 
In some embodiments, activating an adjustment mechanism may reduce the diameter/radius 
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of the reinforcing element and consequently reduce the diameter/radius of the portion of the 
ventricle. Reduction of a diameter of a portion of an enlarged ventricle may reduce the 
diameter of the portion to a pre-enlarged diameter. 

5 In some embodiments, a reinforcing element may include an engagement 

mechanism. FIG. 29 depicts an embodiment of a portion of reinforcing element 908, 
adjustment mechanism 918, and engagement mechanism 920, including a sectional view of 
the reinforcing element with the adjustment mechanism in an inactivated/disengaged 
position. FIG. 30 depicts an embodiment of a portion of reinforcing element 908, 

10 adjustment mechanism 918, and an engagement mechanism 920, including a sectional view 
of the reinforcing element with the adjustment mechanism in an activated/engaged position. 
Engagement mechanism 920 may spatially secure adjustment mechanism 918 after a user 
has activated and properly positioned the adjustment mechanism. In some embodiments, a 
position of engagement mechanism 920 may be manufactured based upon patient specific 

15 requirements. The position of engagement mechanism 920 may, in combination with the 
dimension of adjustment mechanism 918, determine the adjusted dimension of reinforcing 
element 908 (and consequently of any portion of a ventricle attached to the reinforcing 
element). Adjustment mechanism 918 may come in a variety of premanufactured 
dimensions and/or be manufactured for a specific patient's needs. 

20 

In certain embodiments, reinforcing element 908 may include a plurality of 
engagement mechanisms 920. Engagement mechanisms 920 may be formed as part of 
and/or coupled to the outer perimeter of portions of reinforcing element 908. In some 
embodiments, reinforcing element 908 may include at least two engagement mechanisms 
25 920. The engagement mechanisms may be positioned substantially equidistant around the 
outer perimeter of the reinforcing element. The engagement mechanisms may be positioned 
substantially within plane 922 oriented substantially perpendicular to central axis 924 (as 
depicted in FIG. 29) of the deployed reinforcing element. 

30 In some embodiments, a plurality of engagement mechanisms 920 may be grouped 

into multiple sets or groups. Each set or group may be positioned substantially within a 
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plane oriented substantially perpendicular to a central axis of the deployed reinforcing 
element. Each set or group may be positioned at different elevations relative to one another 
on the deployed reinforcing element. Using sets of engagement mechanisms in combination 
with sets of adjustment mechanisms with different dimensions may allow a user to more 
5 accurately fit reinforcing element 908 to a specific subject or patient. By adjusting the 
height of adjustment mechanism 918 relative to deployed reinforcing element 908, a shape 
of a ventricle may be adjusted. 

In some embodiments, coupling mechanisms (for example, as depicted in FIGS. 16 
1 0 and 1 7) may not be positioned between an apex of reinforcing element 908 and engagement 
mechanisms 920. Advantages of an absence of coupling mechanisms between reinforcing 
element 908 and engagement mechanisms 920 may include not inhibiting the activation of 
adjustment mechanism 918, which may be positioned adjacent the apex of the reinforcing 
element prior to activation. In some embodiments, engagement mechanisms 920 may be 
15 positioned between an apex of reinforcing element 908 and about 50% of the total height of 
the reinforcing element. In some embodiments, engagement mechanisms 920 may be 
positioned between about 30% and about 50% of the total height of reinforcing element 908, 
measuring from an apex of the reinforcing element. 

20 In some embodiments, engagement mechanisms 920 may include rings or 

depressions formed in one or more conduits 910 as depicted in FIGS. 29 and 30. Upon 
deploying and positioning reinforcing element 908 in a ventricle, adjustment mechanism 
918 may initially be in an inactivated state, as depicted in FIG. 29. Upon attaching the 
reinforcing element to the endocardial surface of a heart (e.g., a ventricle), a user may 

25 activate the adjustment mechanism by positioning one or more portions of the adjustment 
mechanism in the engagement mechanisms, as depicted in FIG. 30. Activating the 
adjustment mechanism may reshape and/or adjust the volume of the enlarged ventricle so 
that the newly reshaped ventricle substantially mimics the preenlarged shape of the ventricle 
(e.g., the shape of the ventricle before a myocardial infarction). 

30 

FIGS. 29 and 30 depict one embodiment of engagement mechanisms 920. In some 
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embodiments, engagement mechanisms may be any mechanism that will substantially 
inhibit undesirable movement of an adjustment mechanism once the adjustment mechanism 
has been positioned by a user. In certain embodiments, for example, engagement 
mechanisms 920 may be coupled to one or more conduits 910 of reinforcing element 908. 
5 The engagement mechanisms may be positionable along at least a portion of the conduit to 
allow a user to adjust the activated position of the engagement mechanism relative to the 
deployed reinforcing element. 

In some embodiments, an adjustment mechanism may be coupled to a reinforcing 
10 element before activation. Attaching the adjustment mechanism to the reinforcing element 
may facilitate proper placement of the adjustment mechanism in a ventricle relative to the 
position of the reinforcing element. The adjustment mechanism may be releasably attached 
to the reinforcing element. Releasably attaching the adjustment mechanism to the 
reinforcing element may combine the benefits of an attached adjustment mechanism (e.g., 
15 facilitating initial placement) and a non-attached adjustment mechanism (e.g., freedom of 
movement relative to the reinforcing element during an adjustment stage). 



In some embodiments, an adjustment mechanism may be attached to a reinforcing 
element with an elongated member. The elongated member may be formed from 

20 biocompatible materials. The elongated member may be of a length to allow the elongated 
member to move freely enough to perform its function of adjusting the dimension of one or 
more portions of the reinforcing element. In some embodiments, an elongated member may 
be detachable from an adjustment mechanism and/or a reinforcing element. In some 
embodiments, an elongated member may be formed from a biocompatible material that 

25 dissolves over time. The biocompatible material may last until all placement and/or 
adjustment of the dimension of a reinforcing element is completed. 

In some embodiments, one or more portions of a reinforcing element may be formed 
from a biocompatible material that dissolves over time. For example, all of a reinforcing 
30 element may be formed from dissolvable biocompatible materials, except for an adjustment 
mechanism. Over time an adjustment mechanism may naturally couple to surrounding 
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cardiac tissue as the remainder of the reinforcing element dissolves, such that the adjustment 
mechanism eventually functions as the reinforcing element (e.g., inhibiting deformation of 
an interior chamber of a human heart). 

5 In some embodiments, a reinforcing element may be attached to a portion of an 

external surface of a heart (e.g., epicardial). FIG. 31 depicts an embodiment of an externally 
placed reinforcing element 908. FIG. 32 depicts an embodiment of externally placed 
reinforcing element 908 attached to a portion of a human heart during use. Externally 
placed reinforcing element 908 may be attached to a portion of an external surface of a 

10 human heart. In some embodiments, reinforcing element 908 may be attached to an 

epicardial surface of an apex of a left ventricle of a human heart. Reinforcing element 908 
may be a three-dimensional object. Reinforcing element 908 may be preshaped from 
biocompatible materials that substantially inhibit deformation of the reinforcing element. 
Reinforcing element 908 may include inner surface 926 and outer surface 928, as depicted 

15 in FIG. 3 1 . Inner surface 926 may reshape a portion of an interior chamber of a human 

heart during use. Reshaping the portion of an interior chamber may include changing (e.g., 
reducing) a volume of the interior chamber. The portion of the interior chamber may 
substantially adapt to a contour of inner surface 926. In some embodiments, reshaping an 
interior chamber of a heart with reinforcing element 908 may include restoring an enlarged 

20 ventricle to a substantially pre-enlarged state. 

Reinforcing element 908 may be attached to a portion of an external surface of a 
heart using any method known to one skilled in the art. In some embodiments, sutures 930 
may be employed to attach reinforcing element 908 to a portion of an exterior surface of a 
25 heart, as depicted in FIG. 32. In some embodiments, biocompatible glue may be employed 
to attach a reinforcing element to a portion of an exterior surface of a heart. In some 
embodiments, staples may be employed to couple a reinforcing element to a portion of an 
exterior surface of a heart. 

30 Reinforcing element 908 may be preshaped from biocompatible materials that 

substantially inhibit deformation of the reinforcing element. In some embodiments, an 
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externally placed reinforcing element may be formed from one solid continuous piece of 
biocompatible material. In some embodiments, a reinforcing element may be formed from 
more than one type of material. In some embodiments, a reinforcing element may include a 
surface coating. The surface coating may be formed from biocompatible materials. 
5 Applying a biocompatible surface coating to the reinforcing element may allow the 

reinforcing element to be formed from one or more potentially non-biocompatible materials. 
Non-biocompatible materials may be desirable for use due to other preferred properties 
(e.g., structural properties). 

10 In an operation, a surgeon determines what size, shape, and orientation he intends to 

reconstruct a ventricle (the "intended" or appropriate shape). During a surgical procedure, 
the surgeon then opens the ventricle and notes the extent of the scar inside the ventricle. 
Reinforcing element 908 may be placed in the ventricle. A surgeon may mark the extent of 
the scar tissue on reinforcing element 908. Reinforcing element 908 may be removed. 

15 Upon removal, excess material may be trimmed from reinforcing element 908. Reinforcing 
element 908 is placed back in the ventricle and the surgeon ensures that the apex of the 
patch is located at the apex of the ventricle. Reinforcing element 908 may be sutured into 
the ventricle, excluding much, if not all, of the akinetic tissue and creating a new apex. In 
some embodiments, it may be possible and/or desirable to exclude all of the akinetic tissue. 

20 

In an embodiment of the procedure, a surgeon may decide on the volume of the 
ventricle. The surgeon may use a shaping device and a matching reinforcing element. After 
the ventricle is open, a Fontan stitch may be placed on the border zone of the akinetic and 
viable tissue. The shaping device may be introduced into the ventricle and the Fontan stitch 

25 is pulled tight. A portion of the shaping device may project out of the Fontan stitch. 

Reinforcing element 908 may be cut such that the shape of the patch matches the projection 
of the shaping device outside of the Fontan stitch. Cut reinforcing element 908 may be 
sewn to a portion of the heart hemostatically. The shaping device may be removed prior to 
completely sewing reinforcing element 908. Such a procedure would yield a reconstructed 

30 ventricle of the size and shape that is substantially the same as the intended or appropriate 
shape. FIG. 26 depicts an embodiment of a sectional view of dilated heart with a 
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reinforcing element (e.g., an apical patch). 



In certain embodiments, a reinforcing element may be delivered to the heart in a 
percutaneous method. The method may include a catheter. The catheter may be guided 
5 through a vascular structure of a human body to a portion of the heart (e.g., the left 
ventricle). In some embodiments, a catheter may be guided with the assistance of 
fluoroscopy and/or echocardiography. Upon reaching a portion of the heart (e.g., the left 
ventricle), the catheter is positioned approximate to a predetermined attachment point (e.g., 
the apex of the left ventricle in the case of an apical infarction). A guidewire may be pushed 
10 out of the catheter, and the guidewire is attached to the point of interest. 

In certain embodiments, a reinforcing element may be delivered to a heart by a 
surgical procedure including, but not limited to, a thoracotomy. FIG. 33 depicts a 
representation of an embodiment of a method for positioning reinforcing element 908 using 
15 a thoracotomy. Reinforcing element 908 may be delivered through cannula 936 positioned 
in an incision in the chest. The cannula may be inserted through, for example, an apex of 
left ventricle 902 of heart 900 in order to position reinforcing element 908 on an endocardial 
surface of the left ventricle. 

20 A reinforcing element may be deployed through the distal end of the catheter once 

the catheter is in position. The reinforcing element may be in a retracted or inactivated 
state. In some embodiments, a reinforcing element may include substantially flexible 
materials (e.g., shape memory materials) allowing the reinforcing element to be change 
shape (e.g., collapsed) so that the reinforcing element may more easily pass through a 

25 constricted opening (e.g., a catheter). Upon deployment, a positioning enabler (e.g., a wire) 
may be employed to assist in properly positioning the reinforcing element. Once positioned, 
a user (e.g., surgeon) may employ means known to one skilled in the art to assess the 
position of reinforcing element. For example, the reinforcing element may include markers 
(e.g., radioscopic). In some embodiments, alignment of the reinforcing element to the 

30 portion may be performed by direct visualization of the portion of the heart (typically 
including scar and/or non viable tissue) and the reinforcing element with a fiber optic 
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catheter. The fiber optic catheter may emit electromagnetic waves of certain frequencies 
that are transparent to the blood pool. The reflection may be captured by a different fiber 
optic line (possibly in the same catheter) and presented on the monitor. 

5 After deployment, the reinforcing element may be turned to a proper orientation. 

Note that from earlier cardiac analysis prior to the intervention, the location of the scar with 
respect to other cardiac structures is known. So based on relative location of the scar with 
respect to other cardiac landmarks, the device may be aligned with the scar, for example, 
under fluoroscopic or echocardiography guidance. 

10 

The user may activate the reinforcing element to attach the reinforcing element to the 
adjacent tissue before assessing the position of the reinforcing element. In some 
embodiments, the user may assess the position of the reinforcing element before activating 
the reinforcing element. Upon assessment of the position of the reinforcing element, the 
15 user may decide to reposition the reinforcing element to provide better structural support. 
The reinforcing element may be releasably attached to the portion of the heart to allow 
repositioning of the reinforcing element. 

A method for delivering a reinforcing element to a portion of the heart may include 
20 at least one guidewire. The guidewire may be delivered to the heart in a percutaneous 
method. A distal end of the guide wire may be positioned in the heart. In some 
embodiments, a guidewire may be positioned before a catheter. The catheter may be 
inserted through the vasculature over the guidewire using the guidewire to assist in properly 
positioning a distal end of the catheter in the heart. In some embodiments, a distal end of a 
25 catheter may be positioned in a portion of a heart before a guidewire. A guidewire may 
already be positioned in the catheter before the catheter is positioned and/or the guidewire 
may be inserted into the heart through the catheter after the catheter is positioned. 

In some embodiments, a reinforcing element may be positioned using a guidewire to 
30 assist in placement of the reinforcing element. The reinforcing element (which is in 

retracted position) may be pushed out from a catheter over the guidewire into the ventricle. 
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The reinforcing element may be turned to properly orient it with the scar and/or non viable 
tissue. 

In some embodiments, a guidewire may include a coupling mechanism positioned 
5 towards a distal end of the guidewire. Coupling mechanisms may include a clip for 

example. The coupling mechanism may be remotely operated. Upon positioning the distal 
end of the guidewire substantially adjacent a target area of a heart a user wishes to reinforce, 
the coupling mechanism may be activated. The coupling mechanism may function to at 
least couple the guidewire to the target area. Coupling the coupling mechanism to the target 
10 area may assist in positioning a reinforcing element. 

Upon satisfactory implantation of the reinforcing element, the guidewire and the 
catheter may be removed from the ventricle. 

15 In some embodiments, reinforcing elements described herein may be used in 

combination with other methods. Other methods may include, for example, removing 
autologous muscle cells, stem cells, etc., and culturing the cells to generate implantation 
cells necessary for myocardial repair. Cultured cells may be implanted via injection or the 
like into the myocardium. In the myocardium, cultured cells may have an opportunity to 

20 generate new heart muscle. One of the factors that renders ischemic heart disease so 
devastating is the inability of the cardiac muscle cells to divide and repopulate areas of 
ischemic heart damage. As a result, cardiac cell loss as a result of injury or disease is 
irreversible. Implanted cells may overcome the inability of cardiac muscle cells to divide by 
thriving in an oxygen deprived infarct area. Methods for cell implantation, as well as 

25 associated apparatus, are available commercially from such companies as Bioheart Inc. in 
Weston, Florida ( www.bioheartinc.com ). 

A reinforcing element may be used in combination with autologous cells. A 
reinforcing element may be used to reinforce a portion of an endocardial surface of a heart. 
30 Structurally reinforcing the portion may allow other tissue rehabilitation techniques to 
function more effectively. For example, structural reinforcement of the portion may 
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alleviate stress on the portion of the tissue while the injured tissue is treated by one or more 
of a variety of methods. In some embodiments, the tissue may be treated with autologous 
cells to generate new heart muscle tissue. Structural reinforcement (e.g., with a reinforcing 
element) may facilitate faster generation of new heart muscle tissue. In some embodiments, 
5 hormones and/or medicants may be used to facilitate healing and/or regeneration of heart 
muscle tissue. 

In this patent, certain U.S. patents, U.S. patent applications, and other materials (e.g., 
articles) have been incorporated by reference. The text of such U.S. patents, U.S. patent 
10 applications, and other materials is, however, only incorporated by reference to the extent 
that no conflict exists between such text and the other statements and drawings set forth 
herein. In the event of such conflict, then any such conflicting text in such incorporated by 
reference U.S. patents, U.S. patent applications, and other materials is specifically not 
incorporated by reference in this patent. 

15 

Further modifications and alternative embodiments of various aspects of the 
invention will be apparent to those skilled in the art in view of this description. 
Accordingly, this description is to be construed as illustrative only and is for the purpose of 
teaching those skilled in the art the general manner of carrying out the invention. It is to be 

20 understood that the forms of the invention shown and described herein are to be taken as the 
presently preferred embodiments. Elements and materials may be substituted for those 
illustrated and described herein, parts and processes may be reversed, and certain features of 
the invention may be utilized independently, all as would be apparent to one skilled in the 
art after having the benefit of this description of the invention. Changes may be made in the 

25 elements described herein without departing from the spirit and scope of the invention as 
described in the following claims. 
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